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On  the Primary  Site  of  Nuclear  RNA  Synthesis.*  BY  LESTER  GOLDSTEIN~ AND  JuIJE  Micou. 
(From the Cancer Research  Institute,  University  of California  Medical  Center, San Francisco.)§ 
There  is  increasing  cytological evidence  that  a 
substantial  portion  of  cytoplasmic  ribonucleic 
acid  (RNA)  is  synthesized  in  the  nucleus  (1-4). 
In two of  these papers  (3,  4)  as well as  in earlier 
work  (see pp.  133-135,  reference  5)  the  evidence 
suggested  that  the nucleolus was  the site  (within 
the nucleus) where RNA synthesis was almost com- 
pletely localized. 
Since there are very few nucleoli per nucleus, in 
most cell types, the observation that the incorpora- 
tion of RNA precursors into nucleolar RNA is more 
rapid  and  occurs much earlier than  in other areas 
casts some doubt on the hypothesis that RNA is a 
carrier  of  information  from  gene  to  cytoplasm. 
That is to say, it is difficult to visualize how infor- 
mation  from  many  chromosomal  loci  could  be 
imparted  to  RNA synthesized  at  only  a  few loci 
represented by the nucleoli. The hypothesis might 
still  prove  valid, however,  if one were  to  assume 
that  RNA was synthesized  at many chromosomal 
loci  and  was  very  rapidly  transported  to  the 
nucleoli where some other activity took place, at a 
much  slower  rate.  (This  other  activity  might  be 
the  conjugation  of  RNA  with  protein).  Such  a 
hypothesis  has  been  suggested  by  Woods  and 
Taylor (3). 
If the latter assumption is valid, then one might 
find that following a very brief exposure to a radio- 
active RNA precursor,  only non-nudeolar  nuclear 
(or  chromosomal)  RNA  would  be  labelled.  The 
experiments herein described were concerned with 
testing this hypothesis. 
Experimental 
The  methods  and  materials  employed  were  essen- 
tially identical with those described in a more extensive 
paper (4). Briefly, the procedure was as follows. Human 
amnion cells of an established cell line (6) were exposed 
to a  normal growth  medium containing 30 #c./ml.  of 
tritiated  cytidine,  (specific  activity 360  mc./mi)  for 
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periods of 2,  5,  and  10 minutes before fixation. Some 
cells were treated with ribonuclease (0.4 rag. Worthing- 
ton crystalline RNase/ml. at pH 6.7, incubated at 37°C. 
for 21/~ hours)  and other cells were left untreated.  The 
cells were then covered with autoradiographlc stripping 
film in the dark, stored for 30 days,  and developed in 
the usual manner. The specimens were then examined 
by  phase  contrast  and  brightfield  microscopy. 
RESULTS 
Examination  of  the  specimens  revealed  very 
slight labelling of  the cells after  the 2  minute ex- 
posure  to tritiated  cytidine. The 5  minute sample 
showed  significant  nuclear,  but  no  cytoplasmic 
labelling.  Contrary  to  earlier  observations,  how- 
ever, there was no very marked labelling over the 
nucleoli (Fig.  1). On the other hand,  at 10 minutes 
there  was  already  a  marked  degree  of  labelling 
over the nucleoli (Fig. 2). In order to obtain a quan- 
titative measure of the extent of the activity over 
the nucleoli as contrasted to the rest of the nucleus, 
manual  grain  counts  were  made.  The  results  are 
shown  in Table  I.  Statistical  analyses,  employing 
weighted  means,  show  that  the  difference in per- 
centage  of  grains  over  nudeoli  between  the  5 
minute  sample  (28  per  cent)  and  the  10  minute 
sample  (45  per  cent)  is  highly significant at P  --- 
0.001. 
In each group the grain counts were made on 20 
cells  selected  randomly  except  for  the  following 
considerations.  Those  cells  in  which  the  nucleoli 
were not distinctly outlined  when observed under 
the phase  contrast  microscope were  not  counted. 
In the 10 minute sample one occasionally observed 
that  a  few cells were so metabolically active that 
some  cytoplasmic  labelling  was  already  present 
despite  such  brief  exposures  to  label.  Since  these 
cells  also  showed  considerable  activity  over  the 
nudeolus,  it was  reasoned  that  some  of  the  non- 
nudeolar  nuclear  labelling might  be due  to  RNA 
moving from nucleolus to cytoplasm and these cells 
were also not counted. 
It  should  be  noted  that  all  the  labelling  is  in 
RNA since there is no significant labelling in those 
specimens  treated  with  ribonuclease  before  auto- 
radiography.  Apparently,  there  is  also  no  sig- 
nificant  incorporation  of  tritiated  cytidine  into 
DNA following such brief exposures. 302  BRIEF  NOTES 
TABLE  I 
No. of  Total No. of  Grains over 
Cell  nucleolar  nuclear  nucleolus 
grains  grains 
5 Minute Sample 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
10 
18 
9 
11 
18 
11 
18 
15 
9 
14 
20 
12 
7 
8 
6 
9 
19 
24 
12 
10 
per cenl 
20 
20 
33 
27 
50 
27 
33 
27 
22 
29 
30 
25 
14 
38 
17 
43 
32 
25 
17 
30 
Total:  74  257  Mean =  28 
per cent 
(Non-nucleolar grains--183) 
10 Minute Sample 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
20 
4 
6 
7 
I0 
7 
16 
12 
6 
3 
6 
8 
9 
12 
10 
4 
7 
15 
9 
2 
9 
6 
10 
16 
20 
19 
29 
23 
30 
14 
22 
17 
24 
20 
17 
15 
13 
20 
18 
13 
23 
67 
60 
44 
50 
37 
55 
52 
20 
21 
27 
47 
38 
60 
59 
27 
54 
75 
50 
15 
39 
Total:  162  369  Mean =  45 
per cent 
(Non-nucleolar grains--207) 
DISCUSSION 
There  are  a  number  of  possible  hypotheses  to 
account for the nuclear RNA labelling observed in 
the  earlier  work  of  other  investigators: 
1.  All  nuclear  RNA  is  synthesized  in  the  nu- 
cleolus.  The  labelling  that  we  see  in  the  non- 
nucleolar part of the nucleus would  then be RNA 
on its way to cytoplasm. 
2.  There is independent synthesis of RNA on the 
nucleolus  and  on  the  chromosomes,  the  rate  of 
nucleolar RNA  synthesis being much more rapid. 
3.  All  the  nuclear  RNA  is  synthesized  on  the 
chromosomes  and  is  rapidly  transported  to  the 
nucleoli, where the RNA remains for longer periods 
of time. 
If hypothesis 1 is correct, then the non-nucleolar 
labelling at the 5 minute observation would repre- 
sent RNA  leaving the nucleolus.  It follows,  then, 
that  at  l0  minutes  the  non-nucleolar  activity 
should  rise  at  least  proportionally  to  the  rise  in 
nucleolar  activity.  Since  this  obviously  does  not 
occur, it is apparent that hypothesis 1 is untenable 
if we assume a  steady state process. 
If hypothesis 2 is correct, then the non-nucleolar 
labelling  at  10  minutes  should  be  approximately 
double that at 5 minutes, unless the labelled RNA 
were  moving to  another location. The label is ap- 
parently not moving to  the cytoplasm.  It may be 
moving to the nucleolus, in which case hypothesis 
3 would appear to be most acceptable. 
Hypothesis  3  does,  indeed,  appear  to  be  most 
applicable.  Since  the  amount  of  non-nucleolar 
labelling has  barely  increased  during  the  5  to  10 
minute  interval,  it  would  appear  that  the  "chro- 
mosomal"  RNA  is  moving  to  the  nucleolus.  The 
increase  in  the  labelling  of  the  nucleoli  is  of  the 
order  of  magnitude  that  would  be expected  if  all 
the  labelled RNA  found  on  the  nucleoli were  de- 
rived from the "chromosomal" RNA, without any 
independent nucleolar synthesis. 
Thus,  the  data  provide  strong  support  for  the 
hypothesis that the chromosomes are  the primary 
site of synthesis of at least some portion of the cell's 
RNA.  Suggestive  evidence  for  the  chromosomal 
synthesis of RNA has also been presented recently 
by  Ficq  et  al.  (7),  Gall  (8),  and  Swift  (9). 
A  final  word  of  caution  should  be  expressed. 
Although  there  is  no  specific  reason  to  question 
the  data,  the possibility  that  the  different  media 
employed may have affected the metabolism of the 
cells has not been ruled out. 
We are pleased to acknowledge valuable discussions 
with Dr. S. R. Pelc. BRIEF  NOTES  303 
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EXPLANATION OF  PLATE  156 
FIG. 1.  Phase contrast photomicrograph of amnion cells (and overlying autoradiograph) fixed  5 minutes after 
the administration of tritiated cytidine. Approximately X  2000. 
FIG. 2.  Phase contrast photomicrograph of amnion cells (and overlying autoradiograph) fixed  10  minutes after 
the administration of tritiated cytidine. Approximately X  2000. THE  JOURNAL OF 
BIOPHYSICAL AND  BIOCHEMICAL 
CYTOLOGY 
PLATE  156 
VOL. 6 
(Goldstein and Micou: Nuclear RNA synthesis) BRIEF  NOTES  305 
A  New  Method  for  Making  Glass  Knives for  Thin  Sectioning. BY K.  TOKUYASU AND  S.  0KA- 
MURA. (From the Section  of Scientific  Instruments,  Taga Works, Hitachi Products,  Ltd., Hitachi-shi, 
Japan.)* 
The  glass knife has  replaced  the  steel knife as 
the instrument of choice in cutting ultrathin sec- 
tions  for  electron  microscopy.  A  technique  for 
making glass knives was described first by Latta 
Glass  knives  made  by  these  techniques  have 
configurations such  as are  shown  in  Text-fig.  1. 
In general, the knife with  the  smaller edge angle 
(0)  cuts  better  sections  and  produces  less  corn- 
5P  c~ 
sp  cp 
TExT-FIG. 1.  Schematic representation of the configurations of glass knives generally obtained by the tech- 
niques so far reported. The straight part of the knife edge (sp) shortens and the curved part (cp) widens concomi- 
tantly with the sharpening of the knife (edge angle; 0). The curved part usually shows flaws (]). st.; striation. 
TExT-Fro. 2.  Schematic representation of  the configurations of  glass knives which are broken along  the 
lines close  to  (1  and 2)  and apart  from  (3)  the center line (C)  of  an equilateral triangular plate. For other 
terms, see the explanation of Text-fig. 1. 
and  Hartmann  (1),  and  improvements  in  the 
technique have been reported  by several workers 
since then (e.g. 2, 3). 
* Received for publication, May 5, 1959. 
pression than the  knife with a  larger edge  angle. 
At  the  same  time,  it  is  the  straight  part  of  the 
knife edge  (sp)  that is usually flawless and there- 
fore  usable  for  cutting  thin  sections,  and  this 306  BRIEF  NOTES 
(i)  $COrifl,  g  1~  ma.M.nga,  cro..ck. 
TEXT-FIG. 3.  Schematic diagram illustrating a  practical method  for breaking  the glass  knife.  (1)  The score 
mark, s, is made about ~  of the way along the diagonal line of a square glass plate, about 4 cm. square, leaving 
a space on the distal corner to be broken.  (2)  The central region of the opposite surface of the plate is carefully 
hit repeatedly with a small hammer (sh) and  a crack (cr) is made about 2/~ of the way along the diagonal line.* 
(3) A wooden or plastic stick (sk)  is laid underneath  the crack and the glass  plate is broken along the diagonal 
score by laying a  15  cm.  flexible  rod  (fr)  across  the plate,  and  perpendicularly to the score,  and  then  pressing 
downwards on both ends of the rod with equal forces  (F). (4) One of the broken pieces may be a usable knife (kn). 
* In place of the tapping procedure,  the plate may be fractured by applying a  molten glass  rod to  the  score. 
straight part shortens as the edge angle decreases. 
A  sharp  knife  with  a  long straight  part  is  partic- 
ularly  desirable  in  cutting  serial sections. 
The  technique  described  here  produces  knives 
that  satisfy  both  requirements  of  longer  straight 
part and smaller edge angle. 
Imagine  a  glass  plate  in  the  shape  of  an  equi- 
lateral triangle. As long as  the knife is formed by 
breaking  the plate  along any  line other  than  the 
central  one  it  will have  a  shape  similar  to  those 
shown  in  Text-fig. 1.  However,  if  the  plate  is 
broken along a line very close to the center, nearly 
the whole width of the edge may be straight (Text- 
fig  2,  and  Figs.  1 to 5). 
The  corner  of  a  glass  plate  serves  most  con- 
veniently  as  the  vertex  of  the  triangle.  If  the 
distance between the center line and  the breaking 
line  is  less  than  about  0.25  ram.,  the  straight, 
flawless part  of the knife edge may be more than 
half the width of the edge; sometimes even almost 
the  whole  width.  With  glass  strips  of  uniform 
width,  it  may  be  more  convenient  to  work  with 
square  blocks.  Text-fig.  3  illustrates  a  practical 
method. 
One of us,  (K. T.)  has been using this technique 
for the past 2 years with satisfactory results. 
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EXPLANATION  OF  PLATE  157 30g  BRIEF  NOTES 
PLATE  157 
All figures are micrographs of glass knives broken by the present method. 
FIG.  1.  A  common example of breaking. A  corner of a  square glass plate is broken along a  line very close to 
the diagonal line. The piece on the left is the knife (kn).  X  4. 
FiG. 2.  The glass knife in  Fig.  1,  observed from the direction indicated with an arrow. Note that almost the 
whole width of the knife edge is straight, st; striation.  X6. 
Fie. 3.  An enlargement of the knife edge shown in Fig. 2. About ~  of the edge from the right side shows flaws 
(f). About ~  of the edge (sp)  is straight and without  flaws and is usable for cutting sections. The longitudinal 
stripes (ls)  running normal  to  the edge are on the opposite surface, i.e.  a  lateral  surface of the original square 
plate,  st;  striation.  X  30. 
FIo. 4.  The part of the knife edge indicated with the mark A  in Fig. 3 is en]arged further  to show its smooth- 
hess. X  520. 
FIG.  5.  The part indicated with the mark B  in Fig. 3 is enlarged further to show flaws (f) on the edge. X  520. THE  JOURNAL OF 
BIOPHYSICAL AND BIOCHEMICAL 
CYTOLOGY 
PLATE  157 
VOL. 6 
(Tokuyasu and Okamura: New method for making glass knives) 